Kernel hardness is controlled by friabilin protein and it depends on the relation between protein matrix and starch granules. Friabilin is present in high concentration in soft grain varieties and in low concentration in hard grain varieties. The high gluten, hard wheat flour generally contains about 12.0-13.0% crude protein under Mid-European conditions. The relationship between wheat protein content and kernel texture is usually positive and kernel texture influences the power consumption during milling. Hard-textured wheat grains require more grinding energy than soft-textured grains.
hardness index and the examined flour parameters was also significant (r = 0.81−0.87). We found strong correlation between the milling energy and water absorption (r = 0.88) of flour. The associations found in this study will help the better understanding of the technological aspects concerning wheat grain and flour quality.
Introduction
Kernel hardness has a profound effect on the resulting flour's baking properties. The flour which is made from hard wheat has a medium to high protein content and contains stronger gluten-forming proteins than the flour which is made from soft wheat.
Kernel texture is very strongly heritable in wheat. Friabilin protein determines kernel hardness. When the amount of friabilin is high, kernel hardness is low and when the amount of friabilin is low kernel hardness is high. We can classify kernel hardness in these two groups (Greffeuille et al., 2006). Hardness in wheat is largely controlled by genetic factors, but it can also be affected by the environment and other factors such as lipid, moisture, and pentosan content. Friabilin, a marker protein for grain softness, consists of two proteins, puroindoline a and b (Martin et al., 2006) . Lipid-binding proteins puroindolines a (PINA) and b (PINB) have been identified as responsible for determining differences between hard-and soft-textured wheat (Gyimes, 2004; Gyimes et al., 2001) .
The high gluten, hard wheat flour generally contains about 12.0-13.0% crude protein under Mid-European conditions. The relationship between wheat protein content and kernel texture is usually positive and kernel texture influences power consumption during milling. Hard-textured wheat grains require more grinding energy than soft-textured grains (Békési, 2001) .
Good mill and baker quality wheat belong to the hard grain type. Both the milling industry and the baking industry (making of bread) prefer this type. The hard endosperm composition is in close relationship with the large flour yield (greater ratio of the valuable fraction), the flour's greater water consumption, the volume of the bread, the bread's quality parameters (e.g. inner height), and the protein content (Véha, 1999) .
For the determination and measuring of the endosperm structure, kernel hardness indicators were made, which measure the power needed to snap a seed. With this method, they determine a factor: Hardness Index (HI), which is one of the bases of mill crop's acceptance qualification.
Objectives
Our aim is to determine kernel hardness. In our investigation, we have used the Perten SKCS 4100, the Perten 3303 mill. We used Hungarian samples. Registered and widely used Hungarian wheat varieties (7 of HRWW and 4 of SRWW) were applied in the study, which were assigned code numbers.
Measurement methods
The Perten SKCS 4100 instrument ( Figure 1 ) is one of the well-known machines which examine kernel hardness. This device measures kernel texture by crushing the kernels and recording the force required to crush the kernel. This machine reports the average force required to crush 300 kernels, in terms of a hardness index (HI). The SKCS-4100 can complete a test in about 3 minutes and it simultaneously reports mean and standard deviation data for diameter, kernel weight, moisture content, and the HI. (Szabó, 2006) . We used Perten 3303 mill (Figure 2 ) to determine the Particle Size Index (PSI). This involves grinding a sample, and sieving a weighed amount through a standard screen for a standard time. Particle size index (PSI) helps us to determine the texture of a wheat kernel. We determine the specific grinding energy demand (e f ). All measurements were repeated 3 times.
We measured the dough visco-elastic characteristics, water absorption, wet gluten, and alveograph. Milling test: we used Brabender Quadrumat Senior (Brabender GmbH & Co. KG, Duisburg, Germany) laboratory mill to check the milling properties of different types of grain and determining the flour yield (FL) of the wheat sample. 
Results
The SKCS 4100 compartmentalizes the results in two groups: under 50 is soft grain (the hardness index was between 27 and 36) and above 50 is hard grain (the hardness index was between 57 and 81).
We use twin correlation to determine the relationship between the results. Table 3 shows the result of the analysis. Table 2 shows also the Perten-HI and grinding energy values in the tests. The SKCS 4100 compartmentalizes the results in two groups. Under 50, the entries belong to the Soft Wheat category, while entries above values of 50 are considered as a Hard Wheat category. The average HI was 55.2 with values between 20 (min) and 81 (max). According to the results, there is a very strong correlation between milling energy and kernel hardness (r = 0.99) (Figure 3 ) . The correlation between hardness index and the examined flour parameters was also significant (r = 0.81 − 0.87). We have found strong correlation between milling energy and water absorption (r = 0.88) of the flour. For example: hardness indexwet gluten r = 0.83; hardness index -water absorption r = 0.88 (Figure 4 ) , hardness index -P value of alveograph r = 0.82. There is a correlation between the ef and water absorption r = 0.88. We have found correlation between water absorption and P value of alveograph, r = 0.87.
Sample set "B" showed a very close correlation with the Hardness Index, measured by SKCS 4100, the water absorbance capacity of the flour ( Figure  4 ), made out of the crops, and obtained an acceptable correlation with the flour's wet gluten content, and the alveograph deformation work as well. The associations found in this study will help to better understand the technological aspects of wheat grain and flour quality as well as provide useful information to breeders to develop new, high-quality hard and soft wheat varieties.
